Abstract. The present study investigated the combination of levonorgestrel-releasing intrauterine device (LNG-IUD) insertion and palliative radiotherapy (RT) as a potential approach for treating frail, elderly endometrial cancer (EC) patients considered unfit for curative oncological treatments. The inclusion criteria were an age of ≥65 years, pathological confirmation of a uterine neoplasm, a Charlson comorbidity index (CCI) value of ≥4 and the presence of vaginal bleeding. Patients underwent intrauterine insertion of an LNG-IUD, and thereafter, received a total dose of 30 Gy at 3 Gy per fraction, over 10 days. The clinical target volume (CTV) was defined as the uterus and disease-involved tissues in the pelvis plus a 1-cm margin. The planning target volume was obtained by adding a 1-cm isotropic margin to the CTV. A total of 9 patients with EC (median age, 85 years; Eastern Cooperative Oncology Group performance status ≥2, ≥88.8%; obesity, 55.5%; median CCI, 5) received an LNG-IUD plus RT. An early complete resolution of bleeding was documented in 8 patients (88.8%), while the remaining patient experienced a marked improvement. The median duration of bleeding control was 18 months, while the 2-year actuarial rate of bleeding-free survival was 53.3% (median follow-up time, 20 months; range, 9-60 months). No LNG-IUD-or severe RT-related complications were documented. Overall, a high rate of bleeding remission, durable bleeding-free survival in face of the easy intrauterine insertion of an LNG-IUD and a negligible toxicity profile of the complete treatment were documented in this study, indicating a requirement for further investigation in a larger series.
Introduction
Total hysterectomy and bilateral salpingo-oophorectomy with selective surgical staging is considered the standard treatment in patients with endometrial cancer (EC); however, in cases judged to be unsuitable for surgery due to severe medical comorbidities, exclusive radiotherapy (RT; i.e., external beam radiation plus brachytherapy) represents a valid option, since it is well-tolerated and provides an acceptable rate of pelvic control and long-term progression-free survival (1) (2) (3) . The documentation of multiple comorbidities in elderly patients represents an even more complex condition, so that exclusive RT can be hardly affordable given the poor performance status of patients, their presumed higher risk of sequelae and in certain cases, the existence of logistic obstacles. In this context, the efficacy of palliative radiation schedules in terms of local symptom control has been confirmed in several studies (4) (5) (6) (7) (8) : in particular, among palliative RT fractionation schedules utilized in pelvic malignancies, the most common implies the use of doses within 20-40 Gy in 5-20 fractions, as reported by clinical experiences in other tumor sites (4) . Alternatively, shorter schedules have also been attempted, which proved to achieve satisfying rates of overall symptom relief (41-60%) (6, 9) . Besides palliative RT, hormonal treatment has also been acknowledged as a potential alternative in selected patients with endometrial endometrioid carcinoma (10-12).
Progestin-releasing intrauterine device insertion plus palliative radiotherapy in frail, elderly uterine cancer patients unfit for radical treatment
Despite the limits inherent in a small sample series, progestin administration has been reported to provide an encouraging rate of response of 59% in early EC patients considered unfit for surgery (13) (14) (15) . Although intrauterine progestin administration has been less frequently adopted compared with oral progestin, its advantages in terms of the risk reduction of certain conditions, including thrombophlebitis, weight gain and headache, should not be underestimated in the setting of frail, elderly EC patients, who often suffer from hypertension and obesity (16) . Moreover, recent observations have suggested that intrauterine progestin administration could be more effective than oral administration in the treatment of complex atypical hyperplasia in terms of the complete response rate, the recurrence rate and the requirement to perform hysterectomies (17, 18) . In this context, the combined use of palliative RT and intrauterine progestin administration may represent a valuable option to be tested in selected settings. The present study thus investigated the combination of the levonorgestrel-releasing intrauterine device (LNG-IUD) and palliative RT as a potential approach to treating frail, elderly EC patients considered unfit for curative oncological treatments.
Patients and methods
Study subjects. The clinicopathological features and outcome data was collected for uterine tumor patients considered unfit for radical treatment, and the combination of LNG-IUD and palliative radiation was subsequently offered at the Radiotherapy Unit of the Department of Oncology, 'Giovanni Paolo II' Foundation, Catholic University of the Sacred Heart (Campobasso, Italy).
The assessment of the complete resolution of bleeding, the duration of bleeding control, the actuarial rate of relapse of symptoms, and the rate and pattern of toxicity were recorded.
All procedures were approved by the head of the Oncology Department of the 'Giovanni Paolo II' Foundation, Catholic University of the Sacred Heart, Campobasso, Italy, on behalf of the Internal Board Committee, and were in accordance with the Helsinki Declaration, 2008 revision.
Inclusion criteria were an age of ≥65 years, pathological confirmation (endometrial biopsy) of a uterine neoplasm, a Charlson comorbidity index (CCI) value of ≥4 and the presence of vaginal bleeding. Patients were excluded in cases that lacked histological proof of a uterine tumor. Data regarding age, Eastern Cooperative Oncology Group (ECOG) status, anemia (defined as hemoglobin <11.5 g/dl), body mass index and comorbidities were recorded.
Pretreatment assessment. All patients underwent a physical and gynecological examination and complete laboratory tests, including full blood count, blood electrolytes, creatinine, liver transaminases, serum levels of cancer antigen (CA)-125. A histological diagnosis was made by biopsies at hysteroscopy, and all samples were reviewed by a dedicated gynecological pathologist. Extension of disease was evaluated in all patients by abdominopelvic computed tomography (CT) or magnetic resonance imaging.
Treatment. At the time of starting the pretreatment RT workup, all patients were accurately counseled and were required to provide written informed consent for all procedures. Patients were than convened at the Gynecological Oncology Unit for intrauterine insertion of an LNG-IUD system (Mirena ® ; Bayer Health Care Pharmaceutical Inc., Wayne, NY, USA), which consists of a T-shaped polyethylene device (19) that releases 20 µg LNG daily for up to 5 years (20) .
Thereafter, all patients underwent CT simulation (CT-Sim) in the supine position, and CT-Sim images were captured at 5-mm increments over the region of interest.
RT was delivered by 10 to 15-MV photon beams to a planning target volume (PTV) defined as the clinical target volume (CTV) plus a 1-cm isotropic margin (Fig. 1) . CTV was defined as the uterus and disease-involved tissues in the pelvis plus a 1-cm margin. The PTV prescribed RT dose was a total of 30 Gy in 3 Gy/fraction, and was administered by a three-dimensional four-fields box technique in 10 fractions over 2 weeks. The target margin and dose were chosen due to their common use for diverse palliative clinical scenarios. The dose was specified according to the International Commission on Radiation Units and Measurements Report 62 (21) . All plans were generated with the Masterplan Oncentra treatment planning system (TPS v.4.1; Nucletron BV; Elekta, Veenendaal, Netherlands) and delivered by an Elekta Precise linear accelerator (Elekta Ltd., Crawley, UK). Fields were shaped using the beam's eye view projections of the PTV by means of a standard multileaf collimator (2x40 leaves; width, 1 cm at the isocenter distance). In all patients, daily portal images were acquired prior to treatment on two orthogonal beams to ensure the correct patient set-up; any deviation >5 mm in the isocenter position was promptly corrected.
Follow-up evaluation. Subsequent to the completion of the treatment, patients underwent the first follow-up at 30 days, and thereafter at 3-month intervals. Follow-up visits included a physical examination and complete laboratory tests. Acute and late radiation toxicities were scored according to the Radiation Therapy Oncology Group and European Organization for the Research and Treatment of Cancer toxicity scales, respectively (22) . Resolution of bleeding was considered as a complete palliative response, while reduction of bleeding was considered as a partial response.
Statistical analysis. Descriptive statistics were performed. The actuarial bleeding-free survival was calculated from the date of LNG-IUD/RT treatment to the date of bleeding relapse or the date of last follow-up, and was analyzed using the Kaplan-Meier method (23) . Overall survival (OS) was calculated on a per patient basis from the date of diagnosis to the date of mortality or the date of the last follow-up. Statistical analyses were carried out using Systat v.10.2 (2002, for Windows; Systat Software Inc., San Jose, CA, USA).
Results

Patient characteristics.
Between May 2009 and April 2014, 9 patients meeting the inclusion criteria were enrolled in the present prospective study, and received an LNG-IUD plus RT. The clinical and pathological characteristics of the patients are summarized in Table I . The median age was 85 years (range, 65-92 years), and the vast majority of patients (n=8; 88.8%) had an ECOG performance status of ≥2. Patients were considered as overweight or obese in 4 and 5 cases, respectively; the median Charlson comorbidity index was 5 (range, 4-11), with 2 patients presenting with ≤3 comorbidities and 7 patients with ≥4 comorbidities. Hypertension (88.8%), cardiac disease (66.6%) and obesity (55.5%) were the most frequently documented comorbidities.
The primary tumor was represented by endometrial adenocarcinoma in 8 out of the 9 cases, and all but one was well/moderately-differentiated. The majority of cases (77.7%) exhibited stage I-II disease, according to the 2009 FIGO staging system (24) , and the CA-125 level ranged between 9-226 international units (IU)/ml, with a median value of 31.4 IU/ml (normal range, 0-35 IU/ml).
Efficacy. Details on the efficacy of the treatment are provided in Table II : The complete resolution of bleeding was documented in 8 patients (88.8%), while the remaining patient experienced a marked improvement.
All patients experienced an early onset of benefit (within 10 days from the start of RT); the median duration of palliation was 18 months (range, 2-51 months). The relapse of bleeding was observed in 4 patients (at 51, 22, 18 and 2 months after RT, respectively). Re-irradiation was proposed to all patients who experienced a relapse of bleeding, with the exception of 1 patient who did not undergo re-irradiation due to a sudden and irreversible deterioration of renal function. In 3 of the patient, short-course re-treatment was successfully performed at doses of 12-14 Gy, in twice daily fractions over 2 days; the complete (n=1) and partial (n=2) remission of symptoms, still persisting at the time of this report, were documented.
With a median follow-up time of 20 months (range, 9-60 months), the 2-year actuarial rate of bleeding-free survival was 53.3%. Data on the objective response rate assessed by Response Evaluation Criteria in Solid Tumors (25) were collected, although this was not included in the study endpoints: a partial response was registered in 7 patients, while 2 patients exhibited stable disease (data not shown).
Overall, disease-associated mortality was documented in 3 patients and the 2-year overall survival rate was 75%.
Safety. Table II also presents the acute and late toxicity results; no LNG-IUD-related complications were documented. The most common RT-related toxicity was of the lower gastrointestinal tract (55.5%), and involved 3 patients presenting with grade 2 diarrhea and tenesmus, and 2 patients with grade 1 increased frequency of bowel habits and tenesmus. Skin erythema was reported in 4 patients (grade 1 in 3 patients and grade 2 in 1 patient), while grade 1 dysuria was observed in 1 patient. Overall, no patient developed grade 3 acute toxicity.
As far as late toxicity is concerned, 2 patients (1 with chronic obstructive pulmonary disease and 1 with lung metastasis) developed a pulmonary embolism that was successfully managed by medical intervention. Finally, a 92-year-old patient developed proctitis 12 months after the completion of RT, and presented with intermittent rectal bleeding that was managed with topical steroids. There was no case of treatment discontinuation due to major complications/adverse effects.
Discussion
To the best of our knowledge, this series represents the first report on the activity and toxicity of LNG-IUD insertion plus short-course RT in frail, elderly uterine cancer patients with severe comorbidities who were judged to be unsuitable for curative treatments.
The choice of combining LNG-IUD insertion plus short-course RT sounded attractive given the well recognized efficacy of RT schedules in palliative care, and the strong rationale sustaining the use of LNG-IUD insertion, which is endowed with a low toxicity rate and marked activity in uterine hyperplastic/neoplastic lesions (16) .
With the limits inherent in the evaluation of this case series, complete resolution of bleeding was recorded in 88.8% of cases; this data was well matched with the corresponding data reported in the palliative setting of gynecological and non-gynecological malignancies (4,9), while providing favorable results in terms of type and severity of side effects. This is particularly important in a clinical setting, in which the main purpose of treatment is to preserve quality of life. The documentation of 2 cases of pulmonary embolism occurring in the long-term evaluation, which were successfully managed with medical intervention, is hardly imputable to the LNG-intrauterine system, considering that the 2 patients had medical histories of respiratory failure, obesity and a CCI value of 5. Moreover, despite the frailty of the present study population, a prolonged median duration of bleeding control of 18 months was reported, a value which appears quite encouraging when compared with the mean symptom-free duration (5 months) of palliative radiation only (6, 26) .
Whether this finding could be ascribed to the addition of LNG-IUD insertion to palliative RT is difficult to ascertain, considering the heterogeneity and size of previously reported studies, as well as the present sample. However, the efficacy of progestin administration in fertility-sparing, as well as in advanced/recurrent clinical settings, has been widely established over time (10) (11) (12) (13) (14) (15) , and long-lasting responses, regardless of type and dosage of progestin, have been reported in different clinical settings (13) (14) (15) 17, 18, 27) . Therefore, the possibility that progestin administration could have contributed to the long-term duration of symptom remission induced by palliative RT cannot be excluded in the present series.
One could question the lack of a requirement of estrogen (ER) and progesterone receptor (PR) tumor expression assessment within the inclusion criteria of the present study: however, it is well known that despite the presence of ER and PR in the vast majority of well-differentiated endometrial tumors, not all grade 1 EC patients respond to progestin (27) . On the other hand, patients bearing grade 2 and grade 3 endometrial carcinomas, which express ER and PR in a lower percentage of cases (28, 29) , have been shown to exhibit a not negligible response to progestin in different clinical settings (30) (31) (32) (33) (34) . These considerations, which highlight the requirement to provide a more in-depth elucidation of molecular mechanisms sustaining progestin activity beside and beyond those driven by ER and PR, led us to propose the use of LNG-IUD insertion in patients triaged to palliative treatment, regardless of steroid hormone receptor expression.
In conclusion, the present study reports the first case series of frail, elderly uterine tumor patients triaged to palliative RT plus LNG-IUD insertion. A high rate of bleeding remission, durable bleeding-free survival in the face of the easy intrauterine insertion of an LNG-IUD, a lack of immediate or late complications, and a negligible toxicity profile for the overall treatment were documented. While the contribution of LNG-IUD insertion to RT efficacy is difficult to ascertain, the encouraging activity of this combination deserves further investigation in a larger series.
